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Abstract: A novel polymethacrylate derivative, poly(4-(2,5-diphenyl-3,4-dihydro-2H-pyrazol-3-yl)-phenyl 

methacrylate-co-4-methacryloyloxyazobenzene) [PDPMA-co-PMOAB], was synthesized and characterized via 
1
H NMR. The 

copolymer combined the photoluminescence and photochemical behavior of both triphenyl pyrazoline and azobenzene moieties 

in the side chains. The photoluminescence property of the polymer so obtained could be modified through the photochemical 

isomerization reaction of the photoactive groups. The copolymer showed good solubility in common solvents such as acetone, 

dichloromethane, and tetrahydrofuran (THF). The composition of DPMA/MOAB (mol/mol) in the copolymer was also 

calculated from 
1
H NMR, and the ratio was 0.78:1. The UV-vis spectrum of PDPMA-co-PMOAB showed an overlap band of the 

pyrazoline moiety and azobenzene moiety (π-π* transition) at 336 nm and a band at 450 nm attributed to the n-π* transition band 

of azobenzene. Spectral changes accompanied the photochemical conversion of trans–cis form on irradiation of 

PDPMA-co-PMOAB at UV light 365 nm in THF solution. Meanwhile, the emission was enhanced by eightfold after irradiation 

for 16 min. 
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1. Introduction 

At present, research interest in azobenzene-containing 

polymers is increasing because they can be used in optical data 

storage [1–4], optical sensors [5–7], and nonlinear optical 

materials [8–10]. Azobenzene and its derivatives undergo 

conversion from the trans form to the cis form under 

irradiation at 365 nm and revert to the trans form under 

irradiation at 450 nm or in the dark. This photoisomerization 

leads to a photostationary equilibrium [11]. 

Photoisomerization of azobenzene in the side chain of 

polymer has been monitored to study the change in conjugated 

main-chain emission. Harbron et al. [12–16] investigated the 

manipulation of the fluorescence properties of a family of 

polymer poly(p-phenylenevinylene) (PPVs) via side-chain 

azobenzene photoisomerization. Their findings represented an 

initial step toward defining practical design considerations for 

photomodulated PPV derivatives. Zhao et al. [17] studied the 

structure dependence of photochromism, which originated 

from a combination of conjugated polythiophene backbone 

and photoactive side-chain azobenzene group. The 

fluorescence intensity was found to decrease with UV 

irradiation for the polymer. Kannan et al. [18] synthesized two 

series of liquid crystalline polymers containing stilbene and 

α-methylstilbene in the main chain and terminally substituted 

azobenzene moiety in the side chain. The emission spectra of 

all the polymers excited at 350 nm at different time intervals 

(30 s) showed a decrease in intensity. 

To investigate the effect of isomerization of azobenzene 

moieties in the side chain on the fluorescence originating from 

the side chain [19, 20], we synthesized the copolymer 

PDPMA-co-PMOAB, in which both triphenyl pyrazoline 

[21–26] and azobenzene moieties were connected to the 

flexible main chain. The fluorescent spectra of the polymer 

showed that the emission intensities could be modulated 
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through irradiation with UV light. The copolymer can be 

potentially applied to detect surface relief gratings (SRG) 

because fluorescence detection offers one of the most 

sensitive techniques for detecting microscopic events, such as 

molecular migration [27]. 

2. Materials and Methods 

2.1. Regents and Solvents 

Methacryloyl chloride (≥98%, Haimen Best Fine Chemical 

Co. Ltd) was distilled under vacuum before use. 

Azobisisobutyronitrile (AIBN, CP; Shanghai Chemical 

Reagent Co., Ltd.) was purified through recrystallization from 

ethanol. 3-(4-Hydroxyphenyl)-1-phenylprop-2-en-1-one and 

4-(2,5-diphenyl-3,4-dihydro-2H-pyrazol-3-yl)-phenol were 

synthesized according to the previously reported methods [28, 

29]. 4-Methacryloyloxyazobenzene was prepared following a 

previously reported procedure [30]. Other agents were used as 

received. 

2.2. Measurements 

Conversions of monomer were determined by gravimetry. 
1
H NMR spectra were measured using INOVA 400 MHz 

NMR spectrometer, CDCl3 as solvent, and tetramethylsilane 

as the internal standard at ambient temperature. Molecular 

weights and the polydispersity relative to PMMA were 

determined on Waters 1515 GPC with tetrahydrofuran (THF) 

as solvent at a flow rate of 1 mL/min with column temperature 

of 30 °C. UV-vis absorption spectra of initiator, monomer, and 

polymer in THF solutions were determined on a Shimadzu 

RF540 spectrophotometer. Room temperature emission and 

excitation spectra were obtained using Edinburgh-920 

fluorescence spectrophotometer. The purity was determined 

with a Waters 515 HPLC apparatus: a mixture of methanol and 

water (methanol: water = 80: 20, v/v) was used as the eluent at 

a flow rate of 0.8 mL/min at 30°C with a C18 column and 

Waters 996 detector. 

2.3. Synthesis of 4-(2, 5-diphenyl-3, 

4-dihydro-2H-pyrazol-3-yl)-phenyl 

Methacrylate 

Approximately 3.1 g of 0.01 mol 

4-(2,5-diphenyl-3,4-dihydro-2H-pyrazol-3-yl)-phenol was 

dissolved in a mixture of Et3N (2.0 g, 0.02 mol) and THF (80 

mL) and then cooled with an ice-water bath. A solution of 

methacryloyl chloride (1.0 g, 0.01 mol) in 20 mL of THF was 

added dropwise under a nitrogen atmosphere. The mixture 

was stirred for 1 h and the ice-water bath was removed. The 

reaction was stirred continuously for 24 h at room temperature, 

and the solution was filtered and poured into water. The 

precipitated product was purified through a column of silica 

gel using a mixed solvent of petroleum ether and ethyl acetate 

(V: V = 5: 1) as eluent. 

Yellow solid. Yield: 77%. 
1
H NMR (CDCl3, δ, ppm): 

7.75-7.72 (d, 2H), 7.42-7.30 (m, 11H), 6.85-6.79 (m, 1H), 

6.33 (s, 1H), 5.76 (s, 1H), 5.32-5.27 (dd, 1H), 3.88-3.81 (dd, 

1H), 3.20-3.14 (dd, 1H), 2.05 (s, 3H). 

The purity exceeded 98% as determined via HPLC. 

2.4. Synthesis of Polymers 

In a general procedure, cyclohexanone 

(monomer/cyclohexanone = 1: 5 g·mL
−1

), initiator, and 

monomer were mixed in a round-bottom flask. Polymerization 

was conducted at 70°C under N2 atmosphere for 10 h. 

Subsequently, the samples were diluted with THF and 

precipitated through the addition of a mixture of ethyl acetate 

and methanol (Vethyl acetate/Vmethanol/VTHF = 5/5/1). 

Reprecipitation was conducted three times and the samples 

were dried under vacuum at room temperature. 

3. Results and Discussion 

3.1. Synthesis of Polymers 

The details of the synthesis are given in the experimental 

section. The molecular weight and the polydispersity indices 

(PDIs) of all the polymers are listed in Table 1. The structure 

of PDPMA-co-PMOAB is shown in Figure 1. The copolymer 

showed good solubility in acetone, dichloromethane, and THF. 

The polymer was purified by repeated reprecipitation from a 

mixture of ethyl acetate and methanol. As shown in Figure 1, 

the resonances at approximately 5.80 and 6.30 ppm, related to 

the vinylidenic protons of monomers DPMA and MOAB, 

respectively, were absent, suggesting that the copolymer was 

pure for photochemical studies. The composition of 

DPMA/MOAB (mol/mol) in the copolymer was calculated 

from 
1
H NMR, and the ratio was 0.78:1. 

Table 1. Number average molecular weight [Mn, (GPC)s] and polydispersity indices (PDIs) of PDPMA, PMOAB, and PDPMA-co-PMOAB. 

Sample Initial Feed (DPMA:MOAB:AIBN) (mol/mol) Mn, (GPC)s (g/mol) PDIs 

PDPMA 50:0:1 7200 1.96 

PMOAB 0:50:1 8000 1.55 

PDPMA-co-PMOAB 50:50:1 10300 1.75 
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Figure 1. 1H NMR spectrum of PDPMA-co-PMOAB. 

3.2. UV-vis Absorption Spectra 

The UV-vis spectra of PMOAB, PDPMA, and 

PDPMA-co-PMOAB are shown in Figure 2. The absorption 

maxima for PMOAB were observed with two wavelengths 

325 and 450 nm, respectively. The absorption band at 325 nm 

was related to the π-π* transition of the azobenzene unit and 

the weak absorption band at 450 nm was the low-energy n-π* 

transition of the azobenzene unit. The trans form was more 

stable, and the percentage of the cis form was negligible 

compared with that of the trans form under normal conditions. 

PDPMA showed absorption maxima wavelength at 360 nm 

with a shoulder peak at 310 nm. The UV-vis spectrum of 

PDPMA-co-PMOAB showed an overlap band of the 

pyrazoline moiety and azobenzene moiety (π-π* transition) at 

336 nm and a band at about 450 nm attributed to the n-π* 

transition band of azobenzene. 

The spectral changes accompanying the photochemical 

conversion of trans–cis form on irradiation of 

PDPMA-co-PMOAB at UV light 365 nm (power: 8 W, lamp 

source: mercury lamp) are shown in Figure 3. Photoirradiation 

in solution was carried out in THF solution, and the 

temperature was maintained at 25°C to inhibit thermal cis–

trans isomerization. PMOAB demonstrated strong absorption 

in the region from 300 nm to 400 nm (Figure 2), which was 

attributed to the π-π* transition bands of the trans-azobenzene 

units. Thus, irradiation at 300 nm < λ < 400 nm should be 

effective in trans-to-cis photoisomerization. On irradiation of 

the polymer solution at different time intervals, the 

azobenzene chromophores underwent trans–cis 

photoisomerization. On trans–cis isomerization, the intense 

absorption band at 330 nm decreased, and absorption at 450 

nm increased in unequal proportions. 

 

Figure 2. UV-vis spectra of PMOAB (3.3×10-6 mol/L), PDPMA (5.3×10-6 

mol/L) and PDPMA-co-PMOAB (3.1×10-6 mol/L) in THF solution. 
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Figure 3. UV-vis spectra of PDPMA-co-PMOAB (3.1×10-3 mol/L) in THF 

solution with different irradiation times through UV light at 365 nm. 

3.3. Fluorescence Emission Spectra 

Generally, azobenzene molecules did not show appreciable 

emission due to the trans–cis isomerization processes, leading 

that no shallow minima for low-lying excited states were 

present for both the trans and cis configurations [31]. As 

shown in Figure 4, PMOAB emitted very weak fluorescence 

in THF solution. In the case of the homopolymer PDAMA, it 

emitted strong blue fluorescence in THF solution because 

pyrazoline unit is a typical fluorescent chromophore. 

Compared with the homopolymer PDAMA, the fluorescence 

of the copolymer PDPMA-co-PMOAB was weak and 

quenched a lot due to PET bwtween triphenyl pyrazoline and 

azobenzene moieties which would dramatically quench the 

fluorescence of triphenyl pyrazoline units. 

 

Figure 4. Fluorescence emission spectra of PMOAB (3.3×10-6 mol/L), 

PDPMA (5.3×10-6 mol/L) and PDPMA-co-PMOAB (3.1×10-6 mol/L) in THF 

solution (λex = 336 nm). 

Further, the effect of photoisomerization of azobenzene 

groups on the fluorescence properties of the copolymer 

PDPMA-co-PMOAB was also investigated because electron 

transfer process between trans-azobenzene and triphenyl 

pyrazoline is different from that between cis-azobenzene and 

triphenyl pyrazoline. Upon irradiation through UV light of 

365 nm, the photoluminescence intensity of the copolymer 

was increased with increasing the irradiation time in THF 

solution (Figure 5). The photoluminescence intensity was 

enhanced by eight fold after irradiation for 16 min because 

some trans-azobenzene units transferred to cis-azobenzene 

units which could decrease the photoinduced electron transfer 

(PET) between azobenzene units and pyrazolines because the 

cis isomer formed on irradiation was non planar [27, 32]. The 

lone pair electrons on nitrogen could no longer effectively 

conjugate with the π-electrons of the fluorophore, thereby 

inhibiting the PET mechanism. 

 

Figure 5. Fluorescence emission spectra of PDPMA-co-PMOAB (3.1×10-6 

mol/L mg/L) in THF solution with different irradiation times through UV light 

at 365 nm (λex = 336 nm). 

4. Conclusion 

Polymethacrylate composed of fluorescence pyrazoline 

chromophore and photoresponsive azobenzene moiety was 

synthesized. The fluorescent spectra of the polymer showed 

that the emission intensities could be modulated by irradiation 

with UV light. The copolymer can be potentially applied to 

detecting surface relief gratings. 
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